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CONTROL OF A FOUR-COLOR LITHOGRAPHIC PRESS BY MONITORING
THE HUE CONSISTENCY OF THE REPRODUCTION WITH A DENSITOMETER
by
Chikashi Hashimoto
An Abstract
A thesis submitted in partial fulfillment of the
requirements for the degree of Master of Science in
the School of Printing in the College of Graphic Arts and
Photography of the Rochester Institute of Technology
December, 1979
Thesis advisor: Professor Miles Southworth
ABSTRACT
The purpose of this study was to establish a reliable
control method to maintain the visual hue consistency of
"critical colors" on a four-color lithographic press. The
term "critical colors" indicates those colors which are
deemed by the customer or pressman to be important for a
particular job and will require special attention to main
tain their hue consistency. It was hypothesized that a
densitometer, which automatically computes hue error and
grayness using the Preucil method, could be used to measure
critical colors and maintain their computed hue consistency.
In order to analyze the effect of the control method
monitoring hue error and grayness, the press sheets con
trolled by this method (the experimental group) were com
pared with the press sheets controlled by the pressman's
visual judgment only (the control group). Colors with dif
ferent hue and halftone-dot sizes were chosen as critical
colors for the experiment. During the production of the
experimental group, the hue error values of critical colors
were controlled to remain within an arbitrary tolerance of
4-percent from the measured hue error values on the O.K.
sheet, as indicated acceptable by a previous study.
From the sample press sheets drawn from the experimental
group and the control group, the hue error and grayness val
ues of each critical color were analyzed by three ways:
(1) by the comparisons of standard deviation and mean; (2)
by F tests; and (3) by utilizing the GATF Color Triangle.
The experimental results in the F tests indicated that
in most cases there was no significant difference in the var
iances of the hue error and grayness values of the critical
colors between the two groups. However, the comparisons of
standard deviation and mean, and the GATF Color Triangles in
dicated that in most cases the hue error and grayness values
of the experimental group varied less and remained closer to
the measured values on the O.K. sheet than the control group.
It was concluded that a densitometer could be used to
measure and monitor the hue consistency of critical colors.
However, the control method monitoring hue error and grayness
was not always reliable, because of the Inconsistency of the
I
relationship between calculated hue error and grayness val
ues and the visual appearance of colors. For this reason,
further analysis of the experimental data was made for satu
ration and ink hue using the GATF Color Hexagon. It indica
ted that saturation and ink hue as calculated and plotted
were better monitors to be used for hue consistency than hue
error and grayness. However, there was still a problem that
the same saturation and ink hue values may produce different
colors. It was suggested that monitoring the three filter
density readings of critical colors would be a more reliable
control method to maintain the hue consistency of critical
colors.
CHAPTER I
INTRODUCTION
Hue consistency is an important factor for insuring the
quality of reproductions, obtaining customer9 s satisfaction
and reducing waste. It is necessary in printing to produce
a reproduction that is visually as close to the O.K. sheet
as possible and to maintain the product consistency through
out the entire press run. The visual hue consistency of
colors is what the customer desires. Therefore, the hue con
sistency of those colors important to the customer (called
"critical colors") should be the primary objective of the
pressman when controlling a four-color lithographic press.
The term "critical colors" is the name that the author
has given to those colors which are printed with process
inks and may be considered by the customer or pressman to be
important for a particular job. Some examples of those col
ors are flesh, gold, saturated lipstick red, or Image colors
of companies or products. Critical colors on one job may be
different from critical colors on another job, depending upon
what colors the customer or pressman considers to be impor
tant. The hue of some critical colors may have a tendency to
vary during the press run, and some may not. In order to ob
tain the customer's satisfaction, the hue consistency of
critical colors must be carefully maintained throughout the
press run.
The hue of a reproduction is usually checked by the
pressman's visual judgment comparing the reproduction with
the O.K. sheet. Controlling patches, such as solid color
patches, color overprint patches, individual process color
ink screen tints, and gray balance patches are used as aids
to the pressman to indicate variation of a reproduction. The
pressman establishes a tolerance of ink "densities on control
patches and controls ink feeding so that the ink densities
remain within the tolerance. On a four-color lithographic
press with an automatic computer-assisted control system, the
system monitors ink densities and warns the pressman when the
ink densities exceed the tolerance. The Heidelberg CPC II,
one of the latest computer-assisted control system, "handles
the work of about 15 to 20 conventional densitometers and
calculates machine setting data via 20 measuring heads for
solids and 4 heads for tones." The consistency of reproduc
tions has been attempted utilizing control patches and dens
itometers to monitor ink densities.
The human eye is a very sensitive color comparison de
vice. "Visual judgment is not only best for determining
quality levels, but also can complete the evaluation much
p
faster than any
instrument." The pressman, therefore, is
skilled in detecting the hue variation of a reproduction.
However, the human eye has some limitations. It can experi
ence fatigue. This fatigue lessens the accuracy of color
matching. Although the eye is a sensitive color comparison
device, it is poor when it is used as a memory device- Fur
thermore, the eye can not record colors with numerical val
ues. In order to lessen the significance of these limita
tions of the human eye, it is standard practice to utilize
control patches and densitometers. However, the indication
of density variation from control patches is not very closely
related to the indication of hue variation. With the in
crease of sophisticated color printing demands and the limi
tations of the human eye, a reasonable control method is re
quired to make reproductions more consistent. It is necessa
ry, then, to establish a control method that would be a reli
able indicator of the hue variation of not only critical col
ors but also reproductions as a whole.
STATEMENT OF PROBLEM
It is known that equivalent densi tometrie readings on
solid color patches do not guarantee that halftone prints
will reproduce the same, because of the presence of dot gain,
fill-in, doubling, or slur. However, the pressman estab
lishes a tolerance of ink densities and checks the densities
as a control method. Checking ink densities on control
patches is based on the assumption that If the densities on
the patches remain consistent, the hue of the reproduction
4will also remain consistent. In the printing industry,
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0.05 density variation is considered to be in control.
Even though ink densities are within the limit, 0.05 density
variation may produce a hue change. This hue change is pos
sible on overprint colors which are produced with an Increase
in density of one ink and a decrease in density of another.
For example, if the solid ink density of yellow Ink increases
while the density of magenta ink decreases, the red will
change to orange.
Controlling ink densities does not necessarily control
hue. Some pressmen ignore the density measurement on control
patches and rely on visual judgment. The human eye is very
sensitive to changes in hue. The human eye, however, has
some limitations mentioned previously. In order to maintain
the hue consistency of critical colors throughout the entire
press run and help the pressman function as a reliable aid,
a control method to monitor hue should be established.
PURPOSE OF STUDY
The purpose of this study was to establish a reliable
control method with a densitometer to maintain the hue con
sistency of critical colors on a four-color lithographic
press.
Densitometers have been widely used as control devices
and aids to the pressman. The main function of densitome
ters, as the name implies, is to measure densities of print
ed inks. Some of the modern densitometers, however, not only
measure ink densities but also possess some other functions.
They are capable of showing three filter densities simulta
neously and calculating hue error and grayness.
In order to maintain the hue consistency of critical
colors, it is desirable to control hue i-tself rather than ink
densities on control patches. For that purpose, hue must be
represented with certain numerical values and be monitored
with those values during the press run. On a four-color
lithographic press, a quick measurement is required to moni
tor hue. The COSAR-61 Smart Reflection Densitometer can cal
culate and display hue error and grayness, utilizing the
Preucil method. This study was aimed at monitoring the hue
error and grayness values of critical colors, utilizing the
densitometer, to maintain the hue consistency of critical
colors. It was assumed that if there was no difference in
each of the three filter density readings of the O.K. sheet
and the sample press sheets, as measured in the critical
color, there would be no visual variation during the press
run.
HYPOTHESES
(1) A densitometer can be used to monitor the hue consistency
of critical colors when controlling a four-color litho
graphic press.
(2) If the hue of critical colors is monitored with hue error
and grayness values and those values are controlled to
remain consistent during the press run, the hue of the
critical colors will also remain consistent when visually
evaluated.
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LITERATURE REVIEW
The most influential factor causing hue variation is
ink film thickness because ink film thickness can vary dur
ing the press run. The variation of ink film thickness is
caused by changes in temperature and relative humidity which
influence the ink flow on the press and ink-water balance.
Many researchers agree that many of the other factors influ
encing hue variation arise from the condition of ink film
thickness. Therefore, it is necessary to control ink film
thickness during the press run. One of the functions of
solid color patches is to indicate the variation of ink film
thickness by the values of solid ink densities. Robert
o
Loekle, in his report to the Technical Association of the
Graphic Arts in 1972, stated that changes in ink film thick
ness are most apparent in the solid and near solid areas,
however, the areas with smaller dots are less influenced by
changes in ink film thickness.
Daniel Lake^ in his thesis studied the correlation
analysis between solid ink densities and halftone overprint
colors, with sample press sheets drawn from an actual indus
try press run. He stated that there was a low correlation
between the variation of solid ink densities and the varia
tion of the complementary filter readings in the halftone
4
overprint colors. This result agrees with Loekle's state
ment and indicates that an increase or decrease in solid ink
densities is not necessarily related to an increase or de
crease in densities of halftone prints. The result also im
plies that it is possible for the densities of overprint
colors to decrease when solid ink densities increase, and
vice versa.
From the statements of Loekle and Lake, it is under
stood that solid ink densities are not necessarily related
to the hue variation of various overprint colors, because
changes in ink film thickness depend upon the halftone-dot
sizes of the overprint colors. The observer is more critical
of the hue variation of overprint colors than the variation
of individual solid ink densities of the process inks. In
order to maintain the hue consistency of reproductions,
therefore, it would be more effective to directly control hue
rather than to control ink densities.
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CHAPTER III
METHODOLOGY
In order to compare the effects of the press sheets
produced by monitoring hue with the press sheets produced by
an ordinary control method, it was necessary to collect data
from actual industrial production runs. The ordinary control
method in this study was a pressman's visual judgment, and a
group of sample press sheets produced by this control method
was named the control group. On the other hand, a group of
sample press sheets produced by monitoring hue error and
grayness was named the experimental group.
The sample press sheets of both groups were produced by
the same press crew who worked for each eight-hour shift.
For four hours they worked as they normally do, and for the
other four hours they utilized hue error and grayness as
control monitors. Twenty-one sample press sheets for each
group were drawn, one every 8OO-9OO press sheets. A total
of three experimental runs were made in the same manner,
1. Densitometer
On a four-color lithographic press, it is necessary to
monitor the hue of a reproduction very quickly during the
press run. For this reason, the COSAR-61 Smart Reflection
Densitometer was used. It displays three filter density
12
readings simultaneously and calculates and displays hue er
ror and grayness.
2. Critical Colors
Four or five colors in each experiment were chosen as
critical colors. The critical colors chosen for the experi
ments v/ere not necessarily colors which the customer or
pressman specified as "critical colors".but colors which
were quite varied in hue or halftone-dot sizes. This was
done to give a larger variety of colors to study. The crit
ical colors were chosen within a 3k inch column width on the
press sheets where four solid ink control patches were re
produced and all controlled by the same ink fountain keys.
Some examples of those colors are green-, beige, red, etc.
3 . Hue Error and Grayness
The numerical values of hue error and grayness were the
representation of critical colors for this study. The terms
"hue error" and "grayness" are often used as a means for
evaluating process inks. Hue error is the percent amount of
the largest unmanned absorption of a process ink Grayness
is the dirtiness of a process ink, as indicated by the least
unwanted absorption. Both hue error and grayness are ex
pressed as a percentage. By taking the three filter density
readings of a color, hue error and grayness are calculated
as follows:
13
middle density - lowest density
Hue Error =
Grayness
highest density - lov/est density
lowest density
highest density
In the experiments, a control tolerance was established
only for hue error values because hue error is more directly
related to the hue of colors than grayness. In the experi-
2
mental data of Lake's thesis, the range of the hue error
values of the color he measured was 8 percent. Since the
sample press sheets in his experiment were produced by an
actual printing company, the range was considered to be nor
mal under industrial production runs. Therefore, the toler
ance for the hue error values of all the critical colors v/as
assigned as 4 percent from a standard. In order to deter
mine a standard, the hue error values of all the critical
colors were measured from each O.K. sheet. When the hue
error values of critical colors, during the production of the
experimental group, exceeded the 4-percent tolerance, the
pressman was notified and an adjustment was made by changing
ink levels. Which ink level to change v/as determined by
comparing the three filter density readings of a sample
press sheet with the standard and by plotting the hue error
and grayness values on the GATF Color Triangle. During the
production of the control group, on the other hand, sample
press sheets were controlled only by the pressman's visual
judgment, without any indications of hue error and grayness
14
values.
4- Data Analyses
A) Comparisons of Standard Deviation and Mean
Standard deviation and mean were calculated and com
pared, from the hue error and grayness data taken from the
sample press sheets of the experimental group and the control
group. The standard deviation was used. to compare the degree
of the variation of the hue error and grayness values betv/een
the two groups. The mean was used to compare which group's
hue error and grayness values were closer to the standard
values on the O.K. sheet. The calculation for standard devi
ation is as follows:
/>:(x - X)2
n - 1
The symbol n represents the number of samples, and X and X
represent a sample value and sample mean respectively.
B) F Tests
Hue error and grayness data were analyzed by the use of
F tests. F tests serve to compare the variability of one
population with that of another. In order to proceed with
F tests, the null hypothesis (Ho) and the alternative hy
pothesis (H-. ) were written as follows:
2 2
Ho : (Tx = (T2
Hl : ^1 <*
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'-*
represents population variance, and the subscripts 1 and
2 represent the control group and the experimental group re
spectively. Therefore, the null hypothesis means that there
is no significant difference in the variance of the two popu
lation groups. If the null hypothesis is rejected by the F
test, the test will accept the alternative hypothesis. The
alternative hypothesis written above means that the variance
of the control group is less than that of the experimental
group. However, this alternative hypothesis is changeable.
The sign< , depending upon the data, can be reversed.
From the hue error and grayness values taken from the
sample press sheets of the two groups, the sample variance
p
(s ) is calculated by squaring the sample standard deviation
(s).
P J.U ~
X)'
s -=
n - 1
From the sample variance of the two groups, the F ratio is
calculated as follows:
Fc ---7-2
S2
Since the calculated F value (Fc) must be greater than 1,
p p
s.. and s? , depending upon the data, can be reversed in the
calculation.
Before the calculated F value was compared with an F
value in the F distribution table, the level of significance
had to be determined. The level of significance is the
16
Table 1 Critical Values of the F Distribution
a. = 0.05
\ 10 12 15 20 24 30 40 60 120 cc
1 241.88 243.91 245.95 248.01 249.05 250.09 251.14 252.20 253.25 254.32
2 19.395 19.413 19.429 19.446 19.154 19.462 19.471 19.479 13.437 19.496
3 8.7855 8.7446 8.7029 8.6602 8.6385 8.6166 8.5944 8.5720 8.5494 8.5265
4 5.9644 5.9117 5.8578 5.8025 5.7744 5.7459 5.7170 5.6S78 5.6581 5.6281
5 4.7351 4.6777 4.6188 4.5581 4.5272 4.4957 4.4638 4.4314 4.3984 4.3650
6 4.0600 3.9999 3.9381 3.8742 3.8415 3.8082 3.7743 3.7398 3.7047 3.6688
7 3.6365 3.5747 3.5108 3.4445 3.4105 3.3758 3.3404 3.3043 3.2674 3.2298
8 3.3472 3.2840 3.2184 3.1503 3.1152 3.0794 3.0428 3.0053 2.9669 2.9276
9 3.1373 3.0729 3.0061 2.9365 2.9005 2.8637 2.8259 2.7872 2.7475 2.7067
10 2.9782 2.9130 2.8450 2.7740 2.7372 2.6996 2.6609 2.6211 2.580! 2.5379
11 2.8536 2.7876 2.7186 2.6464 2.6090 2.5705 2.5309 2.4901 2.4480 2.4045
12 2.7534 2.6866 2.6169 2.5436 2.5055 2.4663 2.4259 2.3842 2.3410 2.2962
13 2.6710 2.6037 2.5331 2.4589 2.4202 2.3803 2.3392 2.2966 2.2524 2.2064
14 2.6021 2.5342 2.4630 2.3879 2.3487 2.3082 2.2664 2.2230 2.1778 2.1307
15 2.5437 2.4753 2.4035 2.3275 2.2878 2.2468 2.2043 2.1601 2.1141 2.0658
16 2.4935 2.4247 2.3522 2.2756 2.2354 2.1938 2.1507 2.1058 2.0589 2.0096
17 2.4499 2.3807 2.3077 2.2304 2.1898 2.1477 2.1040 2.0584 2.0107 1.9604
18 2.4117 2.3421 2.2686 2.1906 2.1497 2.1071 2.0629 2.0166 1.9681 1.9168
19 2'.3779 2.3030 2.2341 2.1555 2.1141 2.0712 2.0264 1.9796 1.9302 1.8780
20 2.3479 2.2776 2.2033 2.1242 2.0825 2.0391 1.9938 1.9464 1.8963 1.8432
21 2.3210 2.2504 2.1757 2.0960 2.0540 2.0102 1.9645 1.9165 1.8657 1.8117
22 2.2967 2.2258 2.1508 2.0707 2.0283 1.9842 1.9380 1.8895 1.8380 1.7831
23 2.2747 2.2036 2.1282 2.0476 2.0050 1.9605 1.9139 1.8649 1.8128 1.7570
24 2.2547 2.1834 2.1077 2.0267 1.9838 1.9390 1 .8920 1.8424 1.7897 1.7331
25 2.2365 2.1649 2.0889 2.0075 1.9643 1.9192 1.8718 1.8217 1.7684 1.7110
26 2.2197 2.1479 2.0716 1.9898 1.9464 1.9010 1.8533 1.8027 1.7488 1.6906
27 2.2043 2.1323 2.0558 1.9736 1.9299 1.8842 1.8361 1.7851 1.7307 1.6717
28 2.1900 2.1179 2.0411 1.9586 1.9147 1.8687 1.8203 1.7689 1.7138 1.6541
29 2.1768 2.1045 2.0275 1.9446 1.9005 1.8543 1.8055 1.7537 1.6981 1.6377
30 2.1646 2.0921 2.0148 1.9317 1.8874 1.8409 1.7918 1.7396 1.6835 1.6223
40 2.0772 2.0035 1.9245 1.8389 1.7929 1.7444 1.6928 1.6373 1.5766 1.5089
60 1.9926 1.9174 1.8364 1.7480 1.7001 1.6491 1.5943 1.5343 1.4673 1.3893
120 1.9105 1.8337 1.7505 1.6587 1.6084 1.5543 1.4952 1.4290 1.3519 1.2539
00 1.8307 1.7522 1.6664 1.5705 1.5173 1.4591 1.3940 1.3180 1.2214 1.0000
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probability of making an error which rejects a true null
hypothesis, and it is represented as alpha Ox). The F test
for this analysis was made at thee<=0.05. This means that
the sample result could be expected to cause rejection of a
true null hypothesis 5 percent of the time.-* The value of
the F distribution at the !X -0.05 are shown in Table 1. The
symbols U-, and i/_ in the F distribution table are degree of
freedom. Since 21 sample press sheets were drawn from both
groups, both t/, and ]/ are equal to 20 (\/= n - 1). The F
table value (Ft), when V7 =20 and v/2~20' shows 2.1242. If
the calculated F value (Fc ) is larger than the F table value
(Ft), the null hypothesis will be rejected. F tests were
made against the hue error and grayness values of all the
critical colors.
C) GATF Color Triangle
In order to analyze the variation of the critical col
ors graphically, the hue error and grayness data were plotted
on the GATF Color Triangle. The GATF Color Triangle is pri
marily used to check the color gamut for a particular set of
process inks, and it uses hue error and grayness values as
n
the coordinates for plotting data. On the Triangle diagram,
the directions along the sides of the triangle indicate hue
error, and the directions toward the center of the triangle
indicate grayness. To make a plot, the hue error value goes,
from the opposite point of the highest density filter in the
18
three filter densities, toward the opposite direction of the
middle density filter. From there, the grayness value goes
toward the center of the triangle.
The GATF Color Triangle was used to compare the varia
tion of the critical colors between the two groups and detect
the shift of the hue of the critical colors from the standard.
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CHAPTER IV
EXPERIMENTAL RESULTS
The following experimental results were based on the
data listed in Tables 2 to 19 in Appendix A and Figures 1
to 6. The sample press sheets in Experiment 1 and 2 were
produced on the MIEHLE 54Hx77" Five-Color Offset Press, and
the sample press sheets in Experiment 3 were produced on the
MIEHLE 52"x76" Four-Color Offset Press, The sample press
sheets of the experimental group were measured after the
control group in Experiment 1 and prior to the control group
in Experiment 2 and 3- All the sample press sheets drawn
during the experiments were checked by the pressman before
taking measurements, so that the sheets were within the
company's visual standard.
Experiment 1
The press sheets in Experiment 1 were printed with cyan,
magenta,, yellow and dark blue inks. Four colors were chosen
as critical colors, as shown on Print 1 in Appendix C.
Critical Color #1 Near White Potato
#2 Beet Red
#3 Brown
#4 Pea Green
A) Comparisons of Standard Deviation and Mean
1) Comparisons of Standard Deviation Values
21
Hue Error
r Cont, Exp.
Critical C #1 |
#2
'
#3
#4
3.19 > 2.26
1.94 < 2.11
5.91 > 2.50
6.76 > 6.28
Grayness
Cont. Exp.
4.14 > 3-93
1.17 < 1.87
1.78 > 1.51
1.58 - 1.58
2) Comparisons of Mean Values
#1
Hue Error | Grayness
Standard Cont. Exp. ! Standard Cont. Exp.
Critical C. 17 *16.9 16.3 38 39.6 *38.7
#2 67 64.6 *66.0 32 *32.5 32.9
#3 85 *87 . 1 88.1 58 57-5 *57- 9
#4 86 91.3 -88.1 j 58 *57.2 56.1
(*) closer to standard
B) F Tests
1) Critical Color #1
a) Hue Error Variances
s1 = 3.19
Sj2
* 10.1761
s IO.176I
Fc = 9
=
Sg 5.1076
s =2.26
5.1076
= 1.9923 Ft = 2.1242
Fc < Ft Fail to reject the null hypothesis
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b) Grayness Variances
s1 = 4.14 s2
- 3-93
S12= 17.1396 S^' 15.4449
s
2
17.1396
Fc = -i = - 1.1097 Ft = 2.1242
s^ 15.4449
Fc <* Ft Fail to reject the null hypothesis
There was no significant difference in the hue error
and grayness variances between the two groups.
2) Critical Color #2
a) Hue Error Variances
s1 * 1.94 s2 = 2.11
5/= 3.7636 s22= 4.4521
s22 4.4521
sx2
3.7636
= 1.1829 Ft = 2.1242
p+ > -Pnil 4:o r>o ta(-+ +V)P> mil 1 VivnnfVifif!!
Fc
b) Grayness Variances
s1 = 1.17 s = I.87
S-j^ 1.3689 s22= 3.4969
s2
3.4969
s^2
1.3689
2. 5545 Ft =
Fc > Ft * Reject the null hypothesis
2 . 1242
There was no significant difference in the hue error
variances between the two groups. However, the grayness
values of the experimental group varied much more than
those of the control group.
J3) Critical Color #3
a) Hue Error Variances
sx = 5.91 s = 2.50
sx2= 34.9281 s22= 6.2500
Fc
34.9281
s22 6.2500
= 5.5885 Ft = 2,1242
Fc > Ft * Reject the null hypothesis
b) Grayness Variances
s1 = 1.78 s2 = 1.51
s^- 3.1684 s2= 2.2801
s
2
3.1684
s22
2.2801
= I.3896 Ft = 2.1242
Fc < Ft > Fail to reject the null hypothesi
There was no significant difference in the grayness
variances between the two groups. However, the hue
error values of the control group varied much more
than those of the experimental group.
4) Critical Color #4
a) Hue Error Variances
s = 6.76 s2 = 6.28
Si2= 45.6976 s2= 39.4384
s
2 45.6976
Fc -A s- = 1.1587 Ft = 2.1242
s2^ 39.4384
Fc < Ft Fail to reject the null hypothesis
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b) Grayness Variances
s1 = 1.58 s2 = 1.58
Sj2* 2.4964 s22= 2.4964
s
2
2.4964
Fc = 9 = =1 Ft - 2.1242
s2 2.4964
Fc < Ft * Fial to reject the null hypothesis
There was no significant difference in the hue error
and grayness variances between the two groups.
C) GATF Color Triangle
Figures 1 and 2 show the hue error and grayness data
plotted on the GATF Color Triangle.
In Critical Color #1, both the experimental group and
the control group varied in grayness dix*ection. The varia
tion in grayness direction indicates the unbalanced increase
or decrease in the highest and the lowest filter densities.
Judging from the three filter densities of Critical Color
#1 shown in Tables 2 and 5 "the highest filter densities
fluctuated more than the lowest filter densities.
Critical Color #2 in both groups was very stable in hue
error and grayness. However, Sample Press Sheet #21 of the
experimental group recorded a higher grayness value than the
other samples. This v/as because the green filter density
(highest density) suddenly decreased, as shown in Table 5.
In spite of the decrease in the highest filter density, the
hue error value remained within the tolerance.
In Critical Color #3, the control group varied in hue
o
J
>-4
25
!W?J Figure 1 GATF Color Triangle
Experiment 1 - Control Group
a
w
( ) - standard
3et%r..
^
%y y
StX,
Critical Color #2
Critical Color #3
5
I// y\0^
Critical Color #1
Critical Color #4
C)
r-X
"frs.
v^VL\\rV mv
26
Figure 2 GATF Color Triangle
Experiment 1 - Experimental Group
( ) - standard
ritical Color #2
olor #3
D/////7.
f-/7'/-''',
Critical Color #4
27
error direction more than the experimental group, as indi
cated by the F test. Three data from the samples of the
control group were plotted exactly at the same position on
the magenta region. This was because the highest density
filter changed from the blue to the green filter, as shown
in Sample Press Sheets #6, #7 and #12 in Table 2.
The three filter density readings of Critical Color #4
on the O.K. sheet showed that the blue filter density was
the highest. However, the red filter densities became the
highest very frequently during the press run. This effect
took place in Sample Press Sheets from #17 to #20 of the
experimental group and about half of the sample press sheets
of the control group. Although the ranges of the hue error
values were 24 percent in the experimental group and 23 per
cent in the control group, the ranges of the plotted data on
the diagram were more than 30 percent in both groups. This
was because of the change in the highest density filter.
Since the experiment was aimed at monitoring hue error val
ues to remain within a tolerance, changes in the highest
density filter was not considered serious, as long as hue
error values remained within the tolerance.
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Experiment 2
The press sheets in Experiment 2 were printed with
cyan, magenta, yellow and dark blue, as was Experiment 1.
Four colors were chosen as critical colors, as shown on
Print 2 in Appendix C .
Critical Color #1 Mushroom Medium Brown
#2 Mushroom Light Brown
#3 Bean Green
#4 Kelly Green
A) Comparisons of Standard Deviation and Mean
1) Comparisons of Standard Deviation Values
Hue Error Grayness
Cont. Exp. Cont . Exp .
Critical C. #1 1.95 > 1.78 1.29 > 1-28
#2 7.61 > 4.40 4.27 > 3.65
#3 3-71 > 3.53 1.33 < 1.41
#4 4.35 > 4.28 0.89 *- O.93
2) Comparisons of Mean Values
Hue Error Grayness
Standard Cont. Exp. Standard Cont. Exp.
Critical C. #1 27 29.2 *26.5 22 19.2 "7-22 , 0
#2 22 25.1 *22.1 44 33.7 *40.6
#3 55 43.2 *51.6 55 52.6 *54.0
#4 49 63.9 *50.6 56 58.0 *56.5
(*) - closer to standard
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B) F Tests
1) Critical Color #1
a) Hue Error Variances
sx - 1.95 s2 = 1.78
Sl2= 3.8025 s22= 3.1684
s-,2
3-8025
Fc = = = 1,
s2 3.1684
.2001 Ft =-- 2.1242
Wn <- P+ > T?ai1 +r" ifoiopt +Vio nfiT 1 \-i -rniTi-f-Vt .c3
b) Grayness Variances
sx = 1.29 s = 1.28
s^- 1.6641 s22= 1.6384
s
2
1.6641
T?n - ... .-h = 1.0157 Ft = 2.1242
s22
1.6384
Fc < Ft > Fail tc) reject the null }lypothes
There was no significant difference in the hue error
and grayness variances betv/een the two groups.
2) Critical Color #2
a) Hue Error Variances
s1 = 7.61 s2 = 4.40
s12= 57.9121 s22= 19.36OO
s.2
57.9121
Fc =- --- = = 2.9913 Ft = 2.1242
s2 19.3600
Fc > Ft ? Reject the null hypothesis
b) Grayness Variances
s1
= 4.27 s = 3.65
s12= 18.2329 s22= 13.3225
30
s
2
18.2329
Fc = ,,= = 1.3686 Ft = 2.1242
s2 13.3225
Fc < Ft * Fail to reject the null hypothesis
There was no significant difference in the grayness
variances between the two groups. However, the hue
error values of the control group varied much more
than those of the experimental group.
3) Critical Color #3
a) Hue Error Variances
s]_ = 3.71 s2 = 3.53
s12= 13.7641 s22= 12.4609
s
2
13.7641
Fc = = - 1.1046 Ft - 2.1242
s2 12.4609
Fc < Ft Fail to reject the null hypothesis
b) Grayness Variances
sx =- 1,33 s2 = 1.41
8^= I.7689 s22= I.988I
s
2 I.988I
Fc = = 1.1239 Ft = 2.1242
s-f I.7689
Fc < Ft > Fail to reject the null hypothesis
There was no significant difference in the hue erroi
and grayness variances between the two groups,
4) Critical Color #4
a) Hue Error Variances
Sl =- 4.35 s
= 4.28
3^= 18.9225 s22= 18.3184
31
s
2
18.9225
Fc = -i = = 1.0330 Ft = 2.1242
s2 18.3184
Fc < Ft > Fail to reject the null hypothesis
b) Grayness Variances
s1 = O.89 s = O.93
S]L2= 0.7921 s22= 0.8649
s
2
0.8649
Fc = I.O919 Ft * 2.1242
s^ 0.7921
Fc < Ft > Fail to reject the null hypothesis
There was no significant difference in the hue error
and grayness variances between the tv/o groups.
C) GATF Color Triangle
Figures 3 and 4 show the hue error and grayness data
plotted on the GATF Color Triangle.
Critical Color #1 and #2 showed similar hue error val
ues but different grayness values. Critical Color #1 in
both groups v/as stable in both hue error and grayness, while
Critical Color #2 varied much in both hue error and grayness.
Critical Color #2 of the control group was especially un
stable in hue error values, as indicated by the F test.
According to the pressman's visual judgment on Critical Color
#2 when comparing each sample with the O.K. sheet, there was
not as much noticeable visual difference as the large varia
tion of the measured hue error values of the samples.
The hue error value of Critical Color #3 on the O.K.
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sheet v/as 55 percent. In the F test of Critical Color #3-
there was no significant difference in the variances of the
hue error and grayness values between the tv/o groups. How
ever, there was a significant difference in the mean hue
error values between the two groups. The mean hue error val
ues of the experimental group and the control group were 51.6
and 43.2 respectively. The diagram showed that the control
group shifted toward yellow, compared to the experimental
group. The same effect took place in Critical Color #4.
Judging from the three filter densities of Critical Colors
#3 and #4 shown in Table 8, the densities of the red filter,
which is the complementary filter of cyan ink, tended to de
crease. This tendency caused all the hue error values of
Critical Colors #3 and #4 of the control group to be out-of-
tolerance.
Experiment 3
The press sheets in Experiment 3 were printed with
cyan, magenta, yellow and black Inks. Five colors were
chosen as critical colors, as shown on Print 3 in Appendix C
Critical Color #1 Red
#2 Orange
#3 Purple
#4 Beige
#5 Light Green
A) Comparisons of Standard Deviation and Mean
1) Comparisons of Standard Deviation Values
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Hue Error Grayness
Cont. Exp. Cont. Exp.
Critical C. #1 1.07 > O.93 0.71 - 1.36
#2 2.24 < 2.94 0.81 < 0.83
#3 10.8 > 7.17 1.27 > 0.86
#4 4.36 < 5.^5 2.57 > 1.90
#5 5.62 < 8.65 1.63 < 2.27
2) Comparisons of Mean Values
Hue Error Grayness
Standard Cont. Exp. Standard Cont. Exp.
Critical C. #1 68 *67.9 67.4 19 *19.0 19.6
#2 k7 47.4 - 46.6 17 16.6 *16.8
#3 49 *47.8 47.6 66 67.3 *66.4
#4 39 37.0 *37.2 63 60.8 *64.9
#5 54 41 . 9 *53 . 9 68 66.4 *69.0
(*) - closer to standard
B) F Tests
1) Critical Color #1
a) Hue Error Variances
3 - 1.07
s12= 1.1449
s9 = O.93
0.8649
s, 1.1449
Fc = 9= = 1.3237
s2 0.8649
Ft = 2.1242
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Fc < Ft ? Fail to reject the null hypothesis
b) Grayness Variances
s = O.71 s = 1.36
s2= 0.5041 s22= 1.8496
s
2 1.8496
Fc = -* = = 3.6691 Ft = 2.1242
s^ 0.5041
Fc > Ft > Reject the null hypothesis
There was no significant difference' in the hue error
variances between the two groups. However, the grayness
values of the experimental group varied much more than
those of the control group.
2) Critical Color #2
a) Hue Error Variances
s, = 2.24 s2 = 2.94
3^- 5.0176 s22= 8.6436
s
2 8.6436
Fc = p= = 1.7226 Ft = 2.1242
s^ 5.0176
Fc < Ft * Fail to reject the null hypothesis
b) Grayness Variances
s1 - 0.81 s = 0.83
Sl2=- 0.6561 s2= O.6889
s2
O.6889
Fc = ~= = 1.0499 Ft = 2.1242
s^ 0.6561
Fc * Ft * Fail to reject the null hypothesis
There was no significant difference in the hue error
and grayness variances between the two groups.
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3) Critical Color #3
a) Hue Error Variances
s1 = 10.8 s2 = 7.17
s12= 116.64 s22= 51.409
s
2
116.64
Fc =- 9= = 2.2689 Ft = 2.1242
sf 51.409
Fc > Ft ? Reject the null hypothesis
b) Grayness Variances
s = 1.27 s = 0.86
s^2* 1.6129 s2= O.7396
s
2
1.6129
Fc - = = 2.1808 Ft = 2.1242
s2 0.7396
Fc > Ft Reject the null hypothesis
The hue error and grayness values of the control group
varied much more than the experimental group.
4) Critical Color #4
a) Hue Error Variances
s1 = 4.36 s = 5.45
s12= 19.OO96 s2= 29.7025
s
2
29.7025
Fc - - - 1.5625 Ft = 2.1242
Sg I9.OO96
Fc < Ft > -Pail to reject the null hypothesis
b) Grayness Variances
S;L = 2.57 s2
= I.90
s12= 6.6049 s22= 3.6100
s
2 6.6049
Fc - ?
= = I.8296 Ft = 2.1242
s2 3.6100
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Fc < Ft Fail to reject the null hypothesis
There was no significant difference in the hue error
and grayness variances between the two groups.
5) CriticalColor #5
a) Hue Error Variances
s1 = 5.62 s = 8.65
s12= 31.5844 s22= 74.8225
s
2
74.8225
Fc - - -
s2
31.5844
= 2.3689 Ft = 2.1242
Fc > Ft > Reject the null hypothesis
Grayness Variances
S-, = 1.63 s2 = 2.27
s-j2* 2.6569 s22= 5.1529
s
2
5.1529
FC " 2=
n ,
= 1.9394 Ft = 2.1242
s^ 2.6569
Fc < Ft * Fail to reject the null hypothesis
There v/as no significant difference in the grayness
variances between the two groups. However, the hue
error values of the experimental group varied much
more than those of the control group.
C) GATF Color Triangle
Figures 5 and 6 show the hue error and grayness data
plotted on the GATF Color Triangle.
Critical Color #1 in both groups was very stable in hue
error. The experimental group, however, varied in grayness
direction more than the control group, as indicated by the
o
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F test. On the other hand, Critical Color #2 of both groups
was very stable in grayness, but it varied more in hue error
direction. This indicates that the lowest filter densities
were proportional to the highest filter densities but the
middle filter densities were not proportional to the increase
or decrease in the highest and the lowest filter densities.
Critical Color #3 of both groups varied in hue error
direction. However, the diagrams showed that the control
group varied more widely in the hue error direction than the
experimental group. This variation in hue error caused most
of the sample press sheets of the control group to be out-
of-tolerance.
Critical Color #4 of both groups varied more in hue
error direction, and the diagrams showed that there v/as a
difference in grayness between the two groups. The grayness
value on the O.K. sheet was 63 percent, but most of the sam
ples of the experimental group were above 63 percent and
most of the control group were below 63 percent. From the
three filter densities shown in Tables l4-(b) and 17-(b), it
can be judged that the highest filter densities of the con
trol group tended to increase while those of the experimental
group tended to decrease.
The hue error value of Critical Color #5 on the O.K.
sheet was 54 percent. The F test on Critical Color #5 indi
cated that the variance of the hue error values of the con
trol group was less than that of the experimental group.
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Most of the samples of the control group , hov/ever, were out-
of-tolerance and shifted toward more yellow direction from
the standard hue error value of 54 percent.
SUMMARY OF RESULTS
For the three experiments, a total -of thirteen analyses
of the critical colors of the control group and the experi
mental group were completed. The summary of results is as
follows:
A) Comparisons of Standard Deviation
1) Nine out of the thirteen comparisons of the standard
deviations of the hue error values of both groups
indicated that the experimental group had less varia
tion than the control group.
2) Six out of the twelve comparisons of the standard
deviation of the grayness values of both groups indi
cated that the experimental group had less variation
than the control group. In one case, there v/as no
difference.
B) Comparisons of Mean
1) Eight out of the twelve comparisons of the mean hue
error values of both groups indicated that the experi
mental group was closer to each corresponding hue
error value on the O.K. sheet than the control group.
In one case, there was no difference.
2) Ten out of the thirteen comparisons of the mean gray
ness values of both groups indicated that the experi-
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mental group was closer to each corresponding grayness
value on the O.K. sheet than the control group.
C) F Tests
1) Nine out of the thirteen F tests indicated that there
was no significant difference in the hue error vari
ances between the two groups. In three cases, there
was significant difference in favor of the experimental
group.
2) Ten out of the thirteen F tests indicated that there
was no significant difference in the grayness vari
ances between the two groups. In one case, there was
significant difference In favor of the experimental
group,
D) GATF Color Triangle
1) In most cases, the experimental group lessened the
tendency
for'
the hue error and grayness values to
shift away from the standard values,
2) The hue error values of the critical colors of the
experimental group remained within the pre-determined
tolerance more than those of the control group.
DISCUSSIONS
Two difficulties, with respect to calculated hue error
and grayness, arose from the analyses of the experimental
results.
The first difficulty is that the same hue error and
grayness values can be calculated, even though there is a
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change in the filter giving the highest density reading.
Good examples in this case are the data taken from Sample
Press Sheets #4 and #19 of Critical Color #4 of the control
group in Experiment 1, as shown in Table 3 in Appendix A.
The hue error and grayness values of Sample #4 were 86 per
cent and 58 percent respectively, while Sample #19 indicated
86 percent for hue error and 57 percent for grayness. Since
the hue error and grayness values of Critical Color #4 on
the O.K. sheet were 86 percent and 58 percent respectively,
the two samples were within the pre-determined tolerance.
However, the filter giving the highest density in Sample #4
was the blue filter, while it v/as the red filter in Sample
#19. Although the hue error and grayness values of the two
samples were identical and within the tolerance, the hue of
the critical color on Sample #19 shifted toward cyan from the
standard.
The second difficulty is that the same hue error and
grayness values can be calculated, even though there is a big
change in the three filter density readings. For example,
Sample Press Sheets #2 and #4 of Critical Color #1 of the
experimental group in Experiment 3 recorded the same hue
error value of 68 percent. However, there was a significant
difference in the three filter density readings between the
two samples, as shown in Table 17- (a). The ink strength of
Critical Color #1 on Sample #4 was weaker than that on Sample
#2 and the standard.
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Besides the difficulties stated above, the experi
mental results indicated that the hue error and grayness
values of certain colors varied much but the visual appear
ance of the colors were stable. Good examples in this case
were Critical Color #2 in Experiment 2 and Critical Color #5
in Experiment #3. In spite of the large variations in the
hue error and grayness values of these tv/o colors, the press
man's visual comparisons of each sample */ith the O.K. sheet
did not detect any significant hue difference. This is be
cause the values of the highest filter density and the low
est filter density are very close to each other, no matter
what the value of the middle filter density is. Since the
small density difference between the highest and the lowest
filter density makes the denominator for the hue error cal
culation small, even a small density change in one of the
three filter densities can make variations of calculated hue
error values large.
46
CHAPTER V
CONCLUSIONS
This study investigated the effect of the control meth
od which monitored hue with a densitometer to maintain the
hue consistency of a reproduction. This control method was
aimed at monitoring the hue error and grayness values of
critical colors and maintaining those values within an arbi
trary tolerance.
According to the results of the F tests, there was in
most cases no significant difference in the hue error and
grayness variances between the experimental group and the
control group under the pre-determined experimental condi
tions. F tests are used to compare the variances between
two groups, but they do not serve to analyze which one of
the two groups is closer to a certain wanted value. There
fore, it is possible that the variance of one group is sig
nificantly smaller but the mean for that group is not neces
sarily closer to a wanted value than the other group. The
comparisons of the mean hue error and mean grayness values
indicated that the experimental group in most cases was
closer to each corresponding value on the O.K. sheet than
the control group. Furthermore, even in most cases where
the F tests did not show a significant difference in favor
of the experimental group, the comparisons of the standard
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deviations did show less variation for the experimental
group than for the control group.
The important thing in printing is to produce a repro
duction which is as close to the O.K. sheet as possible and
to maintain the product consistency. This study, therefore,
proved the hypothesis (1) to be true: that a densitometer
can be used to monitor the hue consistency of critical col
ors when controlling a four-color lithographic press. The
control method used for this study, which monitored hue
error and grayness, provided less variation in the hue error
values of the critical colors than the pressman's visual
judgment and lessened the tendency for the hue error values
to shift away from the standard hue error values.
It had been assumed that if the hue error and grayness
values of critical colors were controlled to remain consis
tent, the hue of the colors would also remain consistent.
Although the control method based on this assumption pro
vided the hue consistency of the critical colors more than
the pressman's visual judgment, the experimental results
indicated that this assumption was not correct under two
conditions.
The first condition is that even though there is a
change in the filters giving the highest, middle and lowest
densities, the same hue error and grayness values can be
calculated. For example, from the three filer densities:
1.00 for the red filter; 0.90 for the green filter; and 0.80
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for the blue filter, the hue error and grayness values are
calculated as 50 percent and 80 percent respectively. The
same hue error and grayness values can be calculated, even
though the three filter densities change to 0,90 for the red,
1.00 for the green, and 0.80 for the blue filter. In this
case, the visual hue of the two colors is not exactly the
same.
The second condition is that the same hue error and
grayness values can be calculated from different colors, if
the ratio of the three filter density readings of the colors
is the same. When the three filter density readings of a
color are 0.30 for the red; 0,40 for the green; and 0.50 for
the blue filter, the hue error and grayness values are 50
percent and 60 percent respectively. If each one of the
three filter density readings becomes doubled, the color be
comes more saturated but the hue error and grayness values
are still the same.
It v/as also found that variations in hue error and
grayness values depend upon the characteristics of three fil
ter densities. For example, the hue error and grayness val
ues of a color having the densities of 1.00 for all the
three filters are 0 percent and 100 percent respectively.
However, if two of the three filters increase in density
0.01 and the other filter maintains its density of 1,00, the
hue error and grayness values become 100 percent and 99 per
cent respectively. This big change is because hue error and
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grayness are expressed as a percentage. If the highest fil
ter density is very close to the lowest filter density, the
denominator for the hue error calculation becomes small.
Therefore, even a small density change in one of the three
filter densities can cause a big change in the hue error val
ue. On the contrary, the larger the density difference bet
ween the highest and the lowest filter density, the larger
the denominator. Therefore, variations in the three filter
densities do not affect changes in the hue error values very-
much .
From the characteristics of hue error and grayness
stated above, this study proved the hypothesis (2) to be not
always true: that if the hue of critical colors is monitored
with hue error and grayness values and those values are con
trolled to remain consistent, the hue of the colors will
also remain visually consistent. It was understood that cal
culated hue error and grayness values were not always relia
ble when used as monitors for the visual hue consistency of
critical colors.
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CHAPIER VI
IMPLICATIONS
In order to analyze the experimental data in a different
method, all the data were plotted on the GATF Color Hexagon,
as shown in Figures 7 to 12 in Appendix B. The GATF Color
Hexagon uses saturation and ink hue coordinates for plotting
data. From three filter density readings, saturation is de
termined by subtracting the lowest density from the highest
density, and ink hue is determined by subtracting the lowest
density from the middle density. The lov/est density always
becomes 0, after saturation and ink hue readings have been
determined. The Hexagon tables for the saturation and ink
values of all the critical colors were listed in Tables
20 to 25 in Appendix B. On the Hexagon diagram, the direc
tions toward cyan, magenta and yellow. indicate saturation,
and the directions parallel to the sides of the hexagon indi
cate ink hue. To make a plot, the saturation reading goes
from the center toward the opposite direction of the highest
density filter, then the ink hue reading moves tov/ard the
opposite direction of the middle density filter.
The best example for comparing the GATF Color Hexagon
with the GATF Color Triangle is the experimental group in
Experiment 3. Comparing Figure 6 with Figure 12 in Appendix
B, there was no significant change in Critical Color #1 on
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the Triangle diagram, but the Hexagon diagram showed that
there was a significant density change in one of the data
of Critical Color #1. In Critical Color #2, the ranges of
the hue error values on the Triangle diagram v/as 11 percent,
which was relatively stable compared v/Ith other critical
colors, but the Hexagon diagram indicated that the saturation
and ink hue values of Critical Color #2 varied more than the
other critical colors. The hue error values of Critical
Color #5 on the Triangle diagram varied more than the others.
The Hexagon diagram, however, indicated that there v/as no
significant variation in the saturation and ink hue of Criti
cal Color #5.
There is a difference in evaluating colors between the
two diagrams. The Triangle diagram expresses colors with the
ratio of the three filter density readings, while the Hexagon
diagram expresses colors with the density differences of the
three filter density readings. The coordinates
"saturation"
and "ink hue" on the Hexagon diagram are the
"denominator"
and
"numerator,"
respectively, for the calculation of hue
error.
Figure 13 in Appendix B is a graphical method in which
the hue error percentage expressed on the Triangle diagram
is added to the Hexagon diagram. The plotted data on the
diagram in Figure 13 are the same as the ones in Figure 12.
Since saturation and ink hue are the same as the denominator
and numerator for the hue error calculation, all the plotted
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data show exactly the same hue error percentages as the ones
plotted on the Triangle diagram. As shown in Figure 13, the
critical colors with a small density difference between the
highest and the lowest filter density are plotted close to
the center. Therefore, the percentage values of hue error
vary much, even though the three filter densities are very
stable. On the other hand, the colors with a big density
difference between the highest and the lowest filter density
are plotted close to the sides of the hexagon. Therefore,
the percentage values of hue error do not vary much, even
though the three filter densities are quite different. It
was found from the diagram in Figure 13 that Critical Color
#5 was actually very stable in ink densities and Critical
Color #2 should have been controlled more.
From the analyses of the Hexagon and Triangle diagrams,
it was found that saturation and ink hue have the following
advantages over hue error and grayness:
1) Saturation and ink hue can distinguish all the highest,
middle and lowest density filters, as shown in Tables
20 to 25.
2 ) The degree of variations of saturation and ink hue
values does not change due to the characteristics of
the three filter densities.
If saturation and ink hue are used as monitors for the hue
consistency of critical colors, they will be able to make up
for some unreliability of hue error and grayness. However,
using saturation and ink hue has some pitfalls in that the
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same saturation and ink hue values may produce different
visual colors. From the three filter densities: 0.30 for the
red; 0.40 for the green; and 0,50 for the blue filter, the
saturation and ink hue values are 0.20 for the blue filter
and 0.10 for the green filter respectively. The same values
can be calculated from a different color with the three fil
ter densities: 0.80 for the red; 0.90 for the green; and 1.00
for the blue filter. Saturation and ink.hue are assumed to
be more reliable than hue error and grayness, but they are
still not accurate enough to be used as monitors for the hue
consistency of critical colors in all cases.
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FOOTNOTES FOR CHAPTER VI
1. F.L. Cox, "The GATF Color Diagrams," GATF Research
Progress, Number Eighty-one , (Pittsburgh, Pa.: 19o9)
PP. 2^47
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CHAPTER VII
RECOMMENDATIONS
This study proved that the hue of critical colors could
be maintained more consistently by controlling the critical
colors directly, using a densitometer, than by the pressman's
visual judgment. However, what monitors -could be used is
still the problem for maintaining the visual hue consistency
of critical colors.
Since colors are three-dimensional, it is difficult to
represent colors with two numerical values, such as hue error
and grayness, or saturation and ink hue. Two colors may look
different, even though the numerical values of the tv/o col
ors are identical. In order to eliminate this contradiction,
it is inevitable to have three numerical values as the rep
resentation of colors. The expression of printed colors is
determined by the degree of the absorption and reflection of
the red, green and blue lights from the. ink(s) printed on
paper. Therefore, three filter density readings could be
used as monitors for the hue consistency of critical colors
during the press run. Some of the modern densitometers can
display three filter density readings simultaneously. If
the three filter density readings of critical colors are
controlled to remain consistent during the press run, there
will be fewer contradictions between the visual hue of those
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colors and the measured values. Since a direct control meth
od for critical colors is required to maintain their hue con
sistency, monitoring the three filter density readings of
critical colors should be more effective than monitoring ink
densities on control patches or the pressman's visual judg
ment .
This study indicates that further research needs to be
done to determine the following information:
1) Acceptable variation of three filter densities, depending
upon the characteristics of three filter densities.
2) Acceptable color variation on press sheets.
3 ) An effective control target for monitoring printing
condition variations.
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APPENDIX A
Three Filter Densities of Critical Colors
Hue Error and Grayness Values of Critical Colors
Solid Ink Densities of Four Inks
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Table 2 THREE FILTER DENSITIES OF CRITICAL COLORS
Experiment 1 - Control Group
unit - 1/100
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Filter R - G - B R - G - B R - G - B R - G - B
Standard 15- 19- 39 56-173-134 84-137-146 93- 57-99
Sample #1 14- 17- 36 58-170-130 80-135-141 89- 52- 90
2 17- 20- 35 55-170-127 80-136-142 86- 50- 86
3 15- 19- 34 57-169-125 79-132-137 91- 54- 90
4 13- 17- 38 55-172-131 81-138-144 93- 57- 99
5 14- 18- 35 59-177-134 8O-137-145 88- 52- 90
6 14- 18- 36 56-176-133 84-141-140 94- 55- 90
7 15- 18- 36 56-171-131 83-139-138 94- 54- 91
8 14- 18- 39 55-173-135 82-133-143 89- 52- 95
9 15- 18- 37 56-171-131 81-130-143 9^_ 56- 96
10 13- 17- 35 56-171-131 84-131-141 93- 54- 94
11 14- 18- 35 56-175-132 80-130-141 86- 52- 86
12 17- 19- 34 56-176-132 81-134-133 89- 52- 88
13 14- 18- 39 52-171-133 80-134-142 85- 50- 93
14 15- 18- 36 57-169-130 79-132-141 90- 53- 89
15 13- 16- 34 52-170-131 78-128-142 81- 49- 87
16 14- 18- 37 52-171-133 79-131-144 86- 52- 92
17 14- 18- 41 56-169-130 83-132-142 93- 56-104
18 14- 18- 37 56-171-127 83-134-143 92- 53- 93
19 14- 19- 36 60-175-131 87-138-147 97- 55- 91
20 15- 19- 39 58-177-134 82-139-145 92- 54- 97
21 14- 20- 38 56-174-131 86-136-144 100- 57- 95
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Table 3 HUE ERROR AND GRAYNESS VALUES OF CRITICAL COLORS
Experiment 1 - Control Group
unit - %
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
H.E. G. H.E. G. H.E. G. H.E . G.
Standard 17 38 67 32 85 58 86 58
Sample #1 14 39 6k 34 *90 -57 *97 58
2 17 49 63 32 #90 56 $00 58
3 21 44 *6l 34 *91 58 *97 59
4 16 34 65 32 *90 56 86 58
5 19 40 6k 33 88 55 *95 58
6 18 39 6k 32 -;-98 60 90 59
"7 14 42 65 33 *98 60 *93 57
8 16 36 68 32 84 57 86 55
9 14 41 65 33 *79 57 *95 58
10 18 37 65 33 82 60 *98 57
11 19 40 6k 32 82 57 100 60
12 *12 50 63 32 #98 60 *97 58
13 16 36 68 30 87 56 *81 54
14 14 42 65 34 85 56 *97 59
15 14 38 67 31 *78 55 84 56
16 17 38 68 30 *80 55 85 57
17 15 34 65 33 83 58 *77 5k
18 17 38 *62 33 85 58 *98 57
19 *23 39 *62 34 85 59 86 57
20 17 38 6k 33 *90 57 88 56
21 *25 37 6k 32 86 60 88 57
Range 13 16 ,7 4 20 5 23 6
X 16.9 39.6 64.6 32.5 87.1 57-5 91.3 57-2
s 3.19 4.14 1.94 1.17 5.91 1.78 6.76 1.58
(*) out-of-tolerance
Table 4 SOLID INK DENSITIES OF FOUR INKS
Experiment 1 - Control Group
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unit - 1/100
Cyan Magenta Yellow Dark Blue
Filter R G B R G B
Standard 114 165 136 206 182 79
Sample #1 113 167 136 200 178 71
2 116 170 133 203 182 80
3 112 165 130 205 178 80
4 112 169 138 209 185 80
5 112 158 135 211 186 80
6 119 165 132 203 176 74
7 111 163 127 204 180 78
8 114 165 138 206 184 80
9 111 163 140 204 177 75
10 112 167 136 204 176 7k
11 111 160 134 207 182 79
12 114 150 133 210 187 80
13 107 161 138 204 180 80
14 109 156 134 207 182 79
15 108 160 137 211 187 81
16 113 164 140 203 180 79
17 113 160 136 204 182 81
18 116 169 134 2 08 186 82
19 120 170 139 205 181 80
20 118 170 137 210 186 80
21 121 170 138 209 185 81
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Table 5 THREE FILTER DENSITIES OF CRITICAL COLORS
Experiment 1 - Experimental Group
unit - 1/100
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Filter R - G - B R - G - B R - G - B R - G - B
Standard 15- 19- 39 56-173-134 84-137-146 93- 57- 99
Sample #1 15- 20- 45 54-172-132 82-138-142 85- 52- 89
2 16- 20- 37 57-167-130 86-135-144 93- 55- 98
3 15_ 20- 47 54-164-128 84-135-142 95- 55- 99
4 15- 20- 47 58-168-131 85-136-144 90- 53- 93
5 15- 19- 38 55-167-129 83-133-142 94- 55- 99
6 15- 18- 40 58-169-133 84-135-143 94- 57-102
7 15- 18- 38 53-164-127 83-133-140 91- 53- 94
8 17- 21- 41 57-177-136 83-140-146 89- 54- 97
9 16- 20- 40 55-176-136 83-140-146 91- 54- 98
10 13- 17- 39 55-172-135 80-138-146 89- 53-102
11 16- 20- 41 56-174-136 81-138-149 88- 53- 99
12 15- 19- 38 56-173-134 80-134-143 91- 53- 95
13 14- 18- 41 54-171-135 83-135-141 91- 52- 98
14 16- 19- 37 53-170-132 84-137-143 86- 52- 91
15 15- 19- 39 53-168-132 82-136-144 86- 51- 91
16 14- 19- 37 54-173-130 83-135-141 92- 53- 90
17 15- 19- 38 57-174-132 83-136-143 91- 51- 89
18 15- 18- 36 59-172-130 84-138-142 88- 51- 85
19 15- 18- 35 59-178-133 84-138-145 92- 52- 87
20 16- 20- 36 60-172-131 81-134-142 87- 50- 85
21 15- 18- 34 59-153-118 82-133-140 90- 52- 89
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Table 6 HUE ERROR AND GRAYNESS VALUES OF CRITICAL COLORS
Experiment 1 - Experimental Group
unit - %
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
H.E. G. H.E. G. H.E. G. H.E. G.
Standard 17 38 67 32 85 58 86 58
Sample #1 1? 33 66 31 *93 89 58
2 19 43 66 34 84 60 88 56
3 16 32 67 33 88 59 *91 56
4 16 32 66 35 86 59 *93 57
5 17 39 66 33 85 58 89 56
6 *12 38 68 34 86 59 82 56
7 13 39 67 32 88 59 *93 56
8 17 41 66 32 *90 57 *81 56
9 17 40 67 31 *90 57 84 55
10
*
15 33 68 32 88 55 *73 52
11 16 39 68 32 84 54 *76 54
12 17 39 67 32 86 56 90 56
13 15 34 69 32 *90 59 85 53
14 14 43 68 31 *90 59 87 87
15 17 38 69 32 87 57 88 56
16 *22 38 64 31 *90 59 *95 58
17 17 39 64 33 88 58 *95 56
18 14 42 63 34 *93 59 *92 58
19 15 43 "7-62 33 89 58 88 57
20 20 44 63 35 87 57 *95 57
21 16 44 63 39 88 59 *97 58
Range 10 12 7 8 9 6 24 6
X 16.3 38.7 66.0 32.9 88.1 57.9 88.1 56.1
s 2.26 3.93 2.11 1.87 2.50 1,51 6.28 1.58
(*) - out-of-tolerance
Table 7 SOLID INK DENSITIES OF FOUR INKS
Experiment 1 - Experimental Group
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unit - 1/100
Cyan Magenta Yellow Dark Blue
Filter R G B R G B
Standard 114 165 136 206 182 79
Sample #1 116 164 137 201 176 74
2 117 161 133 206 178 78
3 116 155 130 200 176 75
4 118 164 137 208 182 81
5 110 165 134 211 183 77
6 115 152 134 200 176 75
7 115 160 130 205 185 79
8 115 171 138 206 179 7k
9 116 164 136 211 191 79
10 107 165 135 207 185 79
11 111 169 141 199 171 75
12 117 168 136 205 187 83
13 120 165 136 207 186 82
14 116 163 132 202 177 83
15 113 166 134 205 178 82
16 119 156 133 203 176 74
17 123 155 136 204 177 74
18 117 164 133 208 184 79
19 114 171 137 209 186 80
20 121 169 132 204 182 79
21 117 162 128 200 176 71
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Table 8 THREE FILTER DENSITIES OF CRITICAL COLORS
Experiment 2 - Control Group
unit - 1/100
Critic
Color ,
al
1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Filter R - G - B R - G - B R - G - B R - G - B
Standard 18- 35- 82 14- 18- 32 77- 53- 97 149- 84-116
Sample #1 15- 33- 78 10- 15- 31 75- 52- 99 144- 82-120
2 15- 35- 80 10- 12- 33 72- 51- 94 147- 85-119
3 15- 33- 79 10- 16- 31 73- 54-100 141- 81-119
4 15- 33- 78 13- 16- 31 71- 51- 99 141- 81-121
"5 15- 34- 78 li- 15- 32 72- 51-100 133- 77-116
6 17- 35- 80 9- 15- 30 73- 51- 95 143- 80-117
7 16- 34- 79 9- 15- 30 72- 51- 99 132- 76-116
8 15- 36- 80 10- 18- 31 70- 50- 98 139- 81-116
9 15- 36- 86 11- 19- 35 72- 52-102 136- 79-117
10 15- 36- 80 11- 14- 34 71- 50- 98 133- 77-116
11 14- 32- 86 13- 17- 30 73- 53- 99 136- 78-114
12 15- 33- 77 10- 15- 24 67- 50- 96 133- 79-112
13 15- 32- 78 12- 15- 30 68- 49- 97 133- 80-117
14 15- 33- 75 9- 16- 31 67- 48- 95 132- 77-110
15 15- 32- 73 10- 16- 32 71- 53- 99 131- 76-110
16 16- 33- 72 10- 16- 30 68- 49- 93 126- 73-107
17 14- 31- 72 10- 16- 31 72- 51- 93 132- 77-110
18 15- 34- 76 10- 13- 29 69- 50- 93 130- 75-109
19 15- 36- 80 10- 16- 32 70- 50- 96 134- 79-116
20 15- 32- 82 11- 16- 32 71- 51- 99 135- 80-117
,
21 15- 33- 80 10- 15- 31 71- 52- 98 138- 82-118
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Table 9 HUE ERROR AND GRAYNESS VALUES OF CRITICAL COLORS
Experiment 2 - Control Group
unit - %
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
H .E . G. H.E. G. H.E. G. H.E . G.
Standard 27 22 22 44 55 55 49 56
Sample #1 29 .19 24 32 *49 -53 *6l 57
2 31 19 * 9 30 *49 54 *55 58
3 28 19 29 32 *4l 54 *63 57
4 29 19 *17 42 *42 52 *67 57
5 30 19 19 34 *43 51 *70 58
6 29 21 #29 30 *50 54 *59 56
7 29 20 *29 30 s/i^ 52 *7l 58
8 *32 19 *38 32 *42 51 *6o 58
9 30 17 *33 31 *40 51 *67 58
10 *32 19 *13 32 *kk 51 *70 58
11 25 16 24 43 *k3 54 *62 57
12 29 19 *36 42 *37 52 *6l 59
13 27 19 *17 40 *40 51 -70 60
14 30 20 *32 29 *4o 51 *60 58
15 29 21 *27 31 *39 54 *62 58
16 30 22 s-30 33 *43 53 #64 58
17 29 19 *30 33 *50 55 *60 58
18 31 20 *16 34 #kk 5k *62 58
19 *32 19 *27 31 *43 52 *67 59
20 25 18 24 34 *42 52 *67 59
21 28 19 24 32 *4l 53 *64 59
Range 7 6 29 14 13 4 16 4
X 29.2 19.2 25.1 33.7 43.2 52,6 63.9 58.0
s 1.95 I.29 7.61 4.27 3.71 1.33 4.35 O.89
(*) - out-of-tolerance
Table 10 SOLID INK DENSITIES OF FOUR INKS
Experiment 2 - Control Group
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unit - 1/100
Cyan Magenta Yellow Dark Blue
Filter R G B R G B
Standard 102 158 109 196 164 69
Sample #1 96 168 110 129 167 70
2 97 160 102 198 I69 71
3 102 172 114 206 178 76
4 103 174 116 208 178 74
5 101 162 112 190 163 69
6 105 162 100 198 171 72
7 98 171 110 200 174 74
8 102 163 111 202 175 75
9 101 168 106 190 166 71
10 98 167 110 192 162 68
11 96 163 111 200 162 65
12 95 161 107 201 171 71
13 94 164 108 201 174 74
14 96 161 106 197 172 73
15 94 158 105 194 155 61
16 98 153 104 191 152 61
17 96 151 105 196 163 66
18 100 150 109 199 163 66
19 97 169 113 192 162 67
20 102 163 110 191 153 61
21 103 167 114 192 168 73
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Table 11 THREE FILTER DENSITIES OF CRITICAL COLORS
Experiment 2 - Experimental Group
unit - 1/100
Critic
Color j
al
n
Critic
Color j
al Critical
Color #3
Critical
Color #4
Filter R - G - B R - G - B R - G - B R - G - B
Standard 18- 35- 82 14- 18- 32 77- 53- 97 1^9_ 84-116
Sample #1 18- 35- 81 12- 17- 34 74- 50- 93 146- 82-111
2 18- 36- 84 14- 20- 32 75- 53- 98 150- 85-116
3 17- 34- 78 12- 17- 32 76- 52- 96 144_ 80-113
4 18- 34- 82 12- 16- 31 77- 53- 95 146- 81-113
5 18- 33- 73 12- 16- 32 76- 53- 93 143- 81-108
6 17- 33- 80 12- 16- 33 74- 52- 95 143_ 80-113
7 17- 32- 75 13- 17- 32 77- 54- 98 151- 84-114
8 17- 33- 83 12- 15- 33 76- 53- 99 1^5- 83-119
9 17- 32- 75 14- 17- 31 72- 50- 95 145- 83-111
10 16- 32- 79 15- 17- 31 71- 49- 93 150- 87-117
11 17- 33- 79 13- 17- 34 70- 49- 93 150- 87-119
12 17- 31- 78 12- 16- 31 72- 50- 92 152- 87-119
13 18- 33- 78 13- 18- 32 81- 57- 101 147- 81-114
14 17- 33- 74 13- 18- 33 76- 52- 96 146- 81-112
15 17- 33- 78 15- 19- 31 76- 52- 97 1^9- 83-117
16 17- 32- 76 14- 18- 31 73- 50- 93 lk6- 83-114
17 17- 34- 76 12- 17- 31 73- 51- 100 146- 83-119
18 18- 35- 76 12- 16- 30 76- 53-102 lk6- 83-117
19 16- 33- 77 13- 17- 31 76- 52-100 147- 82-119
20 16- 33- 79 13- 17- 32 78- 55-100 149- 83-118
21 18- 36- 79 13- 18- 32 74- 53-. 98 1-4.5- 84-119
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Table 12 HUE ERROR AND GRAYNESS VALUES OF CRITICAL COLORS
Experiment 2 - Experimental Group
unit - %
Critical
Color #1
_ , ,.
Critical
Color #2
Critical
Color #3
Critical
Color #4
H.E. G. H.E. G. H.E. G. H.E. G.
Standard 27 22 22 44 55 55 49 56
Sample #1 27 22 23 35 56 5k 45 56
2 27 21 *33 44 #49 54 48 57
3 28 22 25 38 55 54 52 56
4 25 22 21 39 57 56 49 55
5 27 25 20 38 58 57 #kk 57
6 25 21 19 36 51 55 52 56
7 26 23 21 41 52 55 45 56
8 24 20 #14 36 #50 54 #58 57
9 26 23 18 45 #49 53 45 57
10 25 20 *13 48 #50 53 48 58
11 26 22 19 38 #48 53 51 58
12 23 22 21 39 52 54 49 57
13 25 23 26 41 55 56 50 55
14 28 23 25 39 55 54 48 55
15 26 22 25 48 53 54 52 56
16 25 22 24 45 53 54 49 57
17 29 22 26 39 #45 51 *57 57
18 29 24 22 40 #47 52 #54 57
19 28 21 22 42 #50 52 *57 56
20 27 20 21 41 51 55 53 56
21 30 23 26 41 #47 5k *57 58
Range 7 5 20 13 13 6 14 3
X 26.5 22.0 22.1 40.6 51.6 54.0 50.6 56.5
s 1.78 1.28 4.40 3.65 3.53 l.4l 4.28 0.93
(*) - out-of-tolerance
Table 13 SOLID INK DENSITIES OF FOUR INKS
Experiment 2 - Experimental Group
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unit - 1/100
Cyan Magenta Yellow Dark Blue
Filter R G B R G B
Standard 102 158 109 196 164 69
Sample #1 106 150 108 191 166 74
2 109 170 112 188 155 64
3 112 164 111 193 165 70
4 112 165 109 190 154 64
5 109 159 109 192 161 67
6 105 168 111 201 167 69
7 104 164 110 204 175 73
8 109 167 113 199 173 75
9 103 161 104 200 167 68
10 95 165 111 189 164 71
11 97 159 109 190 160 68
12 105 165 112 186 155 64
13 114 158 111 192 158 69
14 110 156 108 194 161 65
15 103 154 110 194 154 61
16 103 161 112 190 152 61
17 103 163 111 201 170 70
18 101 164 112 196 156 61
19 100 170 113 193 166 70
20 97 152 109 200 175 74
21 98 145 109 197 173 75
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Table l4-(a) THREE FILTER DENSITIES OF CRITICAL COLORS
Experiment 3 - Control Group
unit - 1/100
Critical
Color #1
Critical
Color #2
Critical
Color #3
Filter R - G - B R - G - B R - G - B
Standard 31-160-119 24- 81-145 108-131- 86
Sample #1 32-158-117 24- 78-135 101-114-81
2 30-161-119 23- 80-146 106-120- 81
3 30-160-119 25- 85-147 107-122- 81
4 31-159-118 25- 84-145 105-119- 80
5 29-159-H9 24- 80-145 104-121- 81
6 31-163-121 26- 82-148 109-122- 81
7 30-162-121 25- 86-145 106-129- 86
8 29-157-114 24- 80-133 99-119- 83
9 31-157-118 23- 80-141 101-122- 81
10 29-158-117 23- 81-143 103-128- 86
11 29-157-H7 23- 83-146 102-128- 85
12 32-159-120 2k- 84-145 106-128- 85
13 32-158-117 24- 78-149 104-129- 86
14 28-158-112 24- 8I-150 108-131- 87
15 32-165-124 25- 83-153 107-134- 90
16 31-165-122 25- 83-153 108-138- 91
17 30-162-120 24- 82-148 103-130- 87
18 31-161-119 24- 82-148 103-131- 88
19 30-155-116 23- 80-150 105-135- 90
20 31-157-117 24- 81-138 104-126- 85
21 30-156-114 25- 82-148 104-129- 86
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Table l4-(b) THREE FILTER DENSITIES OF CRITICAL COLORS
Experiment 3 - Control Group
unit - 1/100
Critical
Color #4
Critical
Color #5
Filter R - G - B R - G - B
Standard 30- 37- 48 jk- 27- 40
Sample #1 31- 39- 52 36- 30- 45
2 32- 39- 52 33_ 28- 42
3 30- 39- 52 36- 29- 42
4 31- 38- 49 35- 28- 42
5 32- 39- 53 36- 30- 45
6 33_ ko- 56 jk- 29- 45
7 31- 39- 53 33- 28- 42
8 31- 40- 55 33- 27- 42
9 31- 38- 52 33- 28- 42
10 32- 39- 49 34- 28- 41
11 31- 38- 50 33- 27- 40
12 30- 39- 51 32- 26- 40
13 31- 38- 48 33- 27- 39
14 29- 37- 47 32- 26- 39
15 30- 38- 51 jk- 28- 43
16 30- 37- 52 33- 27- 43
17 30- 37- 52 35- 28- 43
18 31- 37- 49 33- 28- 42
19 30- 39- 50 33- 27- 41
20 30- 36- 47 34- 28- 43
21 32- 38- 51 36- 30- 45
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Table 15 HUE ERROR AND GRAYNESS VALUES OF CRITICAL COLORS
Experiment 3 - Control Group
unit - %
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Critical
Color #5
H.E. G. H.E. G. H.E. G. H.E. G. H.E. G.
Standard 68 19 47 17 49 66 39 63 54 68
Sample #1 67 20 49 18 #61 71 38 60 #40 67
2 68 19 46 16 #64 68 37 63 #38 67
3 68 19 49 17 #63 67 41 58 54 69
4 68 19 49 17 #64 67 39 63 50 67
5 69 18 46 17 *57 67 *33 60 #40 67
6 68 19 46 18 #68 67 #30 60 #31 6k
7 69 19 51 17 47 67 36 58 #36 67
8 66 18 51 18 #kk 70 38 56 #40 6k
9 69 20 48 16 49 67 *33 60 #36 67
10 68 18 48 16 #40 67 41 65 #46 68
11 69 18 49 16 #40 66 37 62 #46 68
12 69 20 50 17 49 66 43 59 #43 65
13 67 20 43 16 #42 67 41 65 50 69
14 65 18 45 16 48 66 *44 62 #46 67
15 69 19 45 16 *39 69 38 59 #40 65
16 68 19 45 16 #36 66 #32 58 #38 63
17 68 19 47 16 *37 j 67 #32 58 #47 65
18 68 19 47 16 *35 67 *33 63 #36 67
19 69 19 45 15 *33 67 #45 60 #43 66
20 68 20 50 17 46 67 35 64 *40 65
21 67 19 46 17 #42 67 #32 63 #40 67
Range 4 2 8 3 35 5 15 9 23 6
X 67-9 19.0 47.4 16.6 47.8 67.3 37.0 60.8 41.9 66. 4
s I.07 0.71 2.24 0.81 10.8 1.27 4.36 2.57 5.62 1.63
(#) - out-of-tolerance
Table 16 SOLID INK DENSITIES OF FOUR INKS
Experiment 3 - Control Group
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unit - 1/100
Cyan Magenta Yellow Black
Filter R G B V
Standard 97 137 127 145
Sample #1 101 131 128 140
2 99 129 127 144
3 94 130 126 139
4 99 128 126 145
5 96 131 127 135
6 99 130 127 148
7 96 124 115 145
8 94 128 117 137
9 95 131 116 135
10 94 134 125 140
11 93 132 126 140
12 93 129 124 135
13 94 136 125 142
14 96 136 127 138
15 99 142 128 149
16 99 145 130 149
17 98 142 127 154
18 94 138 128 156
19 93 142 127 151
20 94 138 113 149
21 95 139 127 153
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Table 17- (a) THREE FILTER DENSITIES OF CRITICAL COLORS
Experiment 3 - Experimental Group
unit - 1/100
Critical
Color #1
Critical
Color #2
Critical
Color #3
Filter R - G - B R - G - B R - G - B
Standard 31-160-119 24- 81-145 108-131- 86
Sample #1 30-161-119 25- 84-148 85
2 33-163-122 25- 80-140 107-127- 85
3 33-160-120 24- 79-146 112-133- 88
4 30-130- 98 26- 78-145 103-119- 79
5 32-161-119 24- 80-143 110-148- 97
6 31-161-121 24- 86-143 108-133- 92
7 34-157-H9 26- 83-143 102-125- 84
8 30-161-117 23- 76-145 103-125- 83
9 32-162-119 24- 81-149 110-132- 86
10 29-159-H8 25- 80-140 110-133- 88
11 33-159-H8 24- 79-142 107-128- 84
12 33-165-122 25- 84-149 107-126- 84
13 30-163-119 23- 74-148 108-131- 87
14 32-159-H8 24- 81-148 106-126- 84
15 30-162-118 25- 83-150 108-133- 88
16 28-155-112 24- 78-146 103-126- 84
17 32-160-118 25- 81-150 106-127- 84
18 29-157-115 24- 81-147 106-131- 87
19 30-158-116 23- 77-149 106-126- 85
20 30-163-118 25- 84-144 105-130- 85
21 30-158-117 24- 87-144
1
105-130- 87
. .
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Table 17- (b) THREE FILTER DENSITIES OF CRITICAL COLORS
Experiment 3 - Experimental Group
unit - 1/100
Critical
Color #4
Critical
Color #5
Filter R - G - B R - G - B
Standard 30- 37- 48 jk- 27- 40
Sample #1 29- 35- 46 33- 26- 39
2 31- 37_ k6 34- 27- 39
3 33- 39- 53 37- 30- 43
4 30- 35- 47 jk- 28- 42
5 32- 40- 52 36- 29- 42
6 31- 37- 50 36- 29- 43
7 30- 37- 45 33- 27- 40
8 29- 34- 44 35- 28- 41
9 32- 38- 48 36- 29- 41
10 33_ ko- 49 36- 29- 41
11 32- 38- 50 35- 28- 43
12 31- 35- 46 37- 29- 41
13 31- 36- 46 jk- 27- 40
14 31- 37- 47 36- 29- 40
15 32- 39- 50 37- 29- 41
16 30- 36- 45 jk- 28- 42
17 30- 37- 47 33- 26- 39
18 31- 39- 49 35- 29- 41
19 31- 38- 49 36- 28- 39
20 32- 38- 49 33- 27- 41
21 30- 37- 46 jk- 29- 41
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Table 18 HUE ERROR AND GRAYNESS VALUES OF CRITICAL COLORS
Experiment J - Experimental Group
unit - fo
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Critical
Color #5
H.E. G. H.E. G. H.E. G. H.E. G. H.E. G.
Standard 68 19 47 17 49 66 39 63 54 68
Sample #1 68 19 48 17 50 66 35 63 54 67
2 68 20 48 18 52 67 40 67 58 69
3 69 21 45 16 53 66 #30 62 54 70
4 68 23 44 18 #60 66 #29 64 #43 67
5 67 20 47 17 #25 66 40 62 54 69
6 69 19 #52 17 *39 69 #32 62 50 67
7 69 22 49 18 #44 67 #47 67
66
#46 68
8 66 19 43 16 48 66 *33 54 68
9 67 20 46 16 52 65 38 67 58 71
10 68 18 48 18 49 66 #44 67 58 71
11 67 21 47 17 52 66 *33 6k #47 65
12 67 20 48 17 "55 67 #27 67 ^67 71
13 67 18 #41 16 48 66 #33 67 54 68
14 68 20 46 16 52 67 38 66 #64 73
15 67 19 46 17 #44 66 39 6k ^67 71
16 66 18 44 16 45 67 40 67 #43 67
17 67 20 45 17 51 66 41 6k 54 67
18 67 18 46 16 #43 66 #44 63 50 71
19 67 19 43 15 51 67 39 63 *73 72
20 66 18 50 17 #44 65 35 65 #43 66
21 68 19 *53 17 #42 65 #44 65 #42 72
Range 3 5 12 3 35 4 20 5 31 8
X 67.4 19.6 46.6 16.8 47.6 66.4 37.2 64.9 53.9 69.O
s 0.93 1.36 2.94 0.83 7.17 0.86 5-45 1.90 8.65 2.27
(#) - out~of-tolerance
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Table 19 SOLID INK DENSITIES OF FOUR INKS
Experiment 3 - Experimental Group
unit - 1/100
Cyan Magenta Yellow Black
Filter R G B V
Standard 97 137 127 145
Sample #1 98 140 127 145
2 97 136 125 144
3 107 143 126 145
4 99 124 123 141
5 104 143 126 143
6 90 137 124 137
7 95 138 125 139
8 93 128 125 138
9 107 142 127 147
10 100 142 126 143
11 100 136 128 142
12 99 143 123 148
13 M^8 141 127 148
14 100 139 123 146
15 101 141 130 147
16 94 132 125 145
17 93 139 126 146
18 96 138 127 146
19 96 137 125 145
20 93 143 125 145
21 96 139 123 132
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APPENDIX B
Saturation and Ink Hue Values of Critical Colors
GATF Color Hexagon
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Table 20 SATURATION AND INK HUE VALUES OF CRITICAL COLORS
Experiment 1 - Control Group
unit - 1/100
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Filter R - G - B R - G - B R - G - B R - G - B
Standard 0-4-24 0 -117- 78 0 - 53- 62 36- 0-42
Sample #1 0-3-22 0 -112- 72 0 - 55- 61 37- 0-38
2 0-3-18 0 -115- 72 0 - 56- 62 36- O-36
3 0-4-19 0 -112- 68 0 - 53- 58 37- 0-36
4 0-4-25 0 -117- 76 0 - 57- 63 36- 0-42
5 0-4-21 0 -118- 75 0 - 57- 65 36- 0-38
6 0-4-22 0 -120- 77 0 - 57- 56 39- 0-35
7 0-3-21 0 -115- 75 0 - 56- 55 40- 0-37
8 0-4-25 0 -118- 80 0 - 51- 61 37- 0-43
9 0-3-22 0 -115- 75 0 - 49- 62 38- 0-40
10 0-4-22 0 -115- 75 0 - 47- 57 39- 0-40
11 0-4-21 0 -119- 76 0 - 50- 61 34- 0-34
12 0-2-17 0 -120- 76 0 - 53- 52 37- 0-36
13 0-4-25 0 -119- 81 0 - 54- 62 35- 0-43
14 0-3-21 0 -112- 73 0 - 53- 62 37- 0 - 36
15 0-3-21 0 -118- 79 0 - 50- 64 32- 0-38
16 0-4-23 0 -119- 81 0 - 52- 65 34- 0-40
17 0-4-27 0 -113- 74 0 - 49- 59 37- 0-48
18 0-4-23 0 -115- 71 0 - 51- 60 39- 0-40
19 0-5-22 0 -115- 71 0 - 51- 60 42- 0-36
20 0-4-24 0 -119- 76 0 - 57- 63 38- 0-43
21 0-6-24 0 -118- 75 0 - 50- 58 43- 0-38
Table 21 SATURATION AND INK HUE VALUES OF CRITICAL COLORS
Experiment 1 - Experimental Group
unit 1/100
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Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Filter R - G - B R - G - B R - G - B R - G - B
Standard 0-4-24 0 -117- 78 0 - 53- 62 36- 0-42
Sample #1 0-5-30 0 -118- 78 0 - 56- 60 30- 0-37
2 0-4-21 0 -110- 73 0 - 49- 58 38- 0-43
3 0-5-32 0 -110- 74 0 - 51- 58 40- 0-44
4 0-5-32 0 -110- 73 0 - 51- 59 37- 0-40
5 0-4-23 0 -112- 74 0 - 50- 59 39- 0-44
6 0-3-25 0 -ill- 75 0 - 51- 59 37- 0-45
7 0-3-23 0 -ill- 74 0 - 50- 57 38- 0-41
8 0-4-24 0 -120- 79 0 - 57- 63 35- 0-43
9 0-4-24 0 -121- 81 0 - 57- 63 37- 0-44
10 0-4-26 0 -117- 80 0 - 58- 66 36- 0-49
11 0-4-25 0 -118- 80 0 - 57- 68 36- 0-46
12 0-4-23 0 -117- 78 0 - 54- 63 38- 0-42
13 0-4-27 0 -117- 81 0 - 52- 58 39- 0-46
14 0-3-21 0 -113- 79 0 - 52- 58 26- 0-39
15 0-4-24 0 -115- 79 0 - 54- 62 35- 0-40
16 0-5 -^23 0 -119- 76 0 - 52- 58 39- 0-37
17 0-4-23 0 -117- 75 0 - 53- 60 40- 0-38
18 0-3-21 0 -113- 71 0 - 54- 58 37- 0 - 34
19 0-3-20 0 -119- 74 0 - 54- 61 40- 0-35
20 ^0-4-20 0 -112- 71 O-53-61 37- o-35
21 0-3-19 0 - 94- 59 0 - 51- 58 38- o-37
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Table 22 SATURATION AND INK HUE VALUES OF CRITICAL COLORS
Experiment 2 - Control Group
unit - 1/100
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Filter R - G - B R - G - B R - G - B R - G - B
Standard 0 - 17- 64 0-4-18 24- 0-44 65- 0-32
Sample #1 0 - 18- 63 0-5-21 23- 0-47 62- 0-38
2 0 - 20- 65 0-2-23 21- 0-43 62- 0-34
3 0 - 18- 64 0-6-21 19- 0-46 60- 0-38
4 0 - 18- 63 0-3-18 20- 0-48 60- 0-40
5 0 - 19- 63 0-4-21 21- 0-49 56- 0-39
6 0 - 18- 63 0-6-21 22- 0-44 63- 0-37
7 0 - 18- 63 0-6-21 21- 0-48 56- 0-40
8n
0 - 21- 65 0-8-21 20- 0-48 58- 0-35
9 0 - 21- 71 0-8-24 20- 0-50 57- 0-38
10 0 - 21- 65 0-3-23 21- 0-48 56- 0-39
n 0 - 18- 72 0-4-17 20- 0-46 58- O-36
12 0 - 18- 62 0-5-14 17_ 0-46 54- 0-33
13 0 - 17- 63 0-3-18 19--..0 - 48 53- 0-37
14 0 - 18- 60 0-7-22 19- 0-47 55- 0-33
15 0 - 17- 58 0-6-22 18- 0-46 55- 0-34
16 0 - 17- 56 0-6-20 19_ o-44 53- 0-34
17 0 - 17- 58 0-6-20 19_ o-42 55- 0-33
18 0 - 19- 61 0-3-19 19_ 0 - 43 55- 0-34
19 0 - 21- 65 0-6-22 20- 0-46 55- 0 - 37
20 0 - 17- 67 0-5-21 20- 0-48 55- 0 - 37
21 0 - 18- 65 0-5-21 19- 0-46 56- O-36
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Table 23 SATURATION AND INK HUE VALUES OF CRITICAL COLORS
Experiment 2 - Experimental Group
unit - 1/100
Critical
Color #1
Critical
Color #2
Critical
Color #3
Critical
Color #4
Filter R - G - B R - G - B R - G - B R - G - B
Standard 0 - 17- 64 0-4-18 24- 0-44 65- 0-32
Sample #1 0 - 17- 63 0-5-22 24- 0-43 64- 0-29
2 0 - 18- 66 0-6-18 22- 0-45 65- 0-31
3 0 - 17- 61 0-5-20 24- 0-44 64- 0-33
4 0 - 16- 64 0-4-19 24- 0-42 65- 0-32
5 0 - 15- 55 0-4-20 23- 0-40 62- 0-27
6 0 - 16- 63 0-4-21 22- 0-43 63- 0-33
7 0 - 15- 58 0-4-19 23- 0-44 67- 0-30
8 0 - 16- 66 0-3-21 23- 0-46 62- 0-36
9 0 - 15- 58 0-3-17 22- 0-45 62- 0-28
10 0 - 16- 63 0-2-16 22-0-44 63- 0-30
11 0 - 16- 62 0-4-21 21- 0-44 63- 0-32
12 0 - 14- 61 0-4-19 22- 0-42 65- 0-32
13 0 - 15- 60 0-5-19 24- 0-44 66- 0-33
14 0 - 16- 57 0-5-20 24- 0-44 65- 0-31
15 0 - 16- 61 0-4-16 24- 0-45 S6- 0-34
16 o - 15- 59 0-4-17 23- 0-43 63- 0-31
17 0 - 17- 59 0-5-19 22- 0-49 63- 0-36
18 0 - 17- 58 0-4-18 23- 0-49 63- o-34
19 o - 17- 61 0-4-18 24- 0-48 65- 0-37
20 o - 17- 63 0-4-19 23- 0-45 66- 0-35
21 0 - 18- 61 0-5-19 21- 0 - 45 61- 0-35
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Table 24-(a)
SATURATION AND INK HUE VALUES OF CRITICAL COLORS
Experiment 3 - Control Group
unit - 1/100
C
C
ritical
olor #1
Critical
Color #2
Critical
Color #3
Filter R - G - B R - G - B R - G - B
Standard 0 -129- 88 0 - 57-121 45- 0
Sample #1 0 -126- 85 0 - 54-111 20- 33- 0
2 0 -131- 89 0 - 57-123 25- 39- 0
3 0 -130- 89 0 - 60-122 26- 41- 0
4 0 -128- 87 0 - 59-120 25- 39- 0
5 0 -130- 90 0 - 56-121 23- 40- 0
6 0 -132- 90 0 - 56-122 28- 41- 0
7 0 -132- 91 0 - 61-120 20- 43- 0
8 0 -128- 85 0 - 56-109 16- 36- 0
9 0 -126- 87 0 - 57-H8 20- 41- 0
10 0 -129- 88 0 - 58-120 17_ 42- 0
11 0 -128- 88 0 - 60-123 l7- 43- 0
12 0 -127- 88 0 - 60-121 21- 43- 0
13 0 -126- 85 0 - 54-125 18- 43- 0
14 0 -130- 84 0 - 57-126 21- 44- 0
15 0 -133- 92 0 - 58-128 17_ 44_ 0
16 0 -134-.-89 0 - 58-128 17_ 47- 0
17 0 -132- 90 0 - 58-124 16- 43- 0
18 0 -130- 89 0 - 58-124 15_ 43- 0
19 0 -135- 86 0 - 57-127 15- 45- 0
20 0 -126- 86 0 -57-114 19_ 4i_ 0
21 0 -126- 84 0 - 57-123 18- 43- 0
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Table 24-(b)
SATURATION AND INK HUE VALUES OF CRITICAL COLORS
Experiment 3 - Control Group
unit - 1/100
Critical
Color #4
Critical
Color #5
Filter
- . .... _
R - G - B R - G - B
Standard 0-7-18 7-0-13
Sample #1 0-8-21 6-0-15
2 0-7-19 5-0-14
3 0-9-22 7-0-13
4 0-7-18 7-0-14
5 0-7-21 6-0-15
6 0-7-23 5-0-16
7 0-8-22 5-0-14
8 0-9-24 6-0-15
9 0-7-21 5-0-14
10 0-7-17 6-O-13
11 0-7-19 6-0-13
12 0-9-21 6-0-14
13 0-7-17 6-0-12
14 0-8-18 6-0-13
15 0-8-21 6-0-15
16 0-7-22 6-0-16
17 0-7-22 7-0-15
18 0-6-18 5-0-14
19 0-9-20 6-0-14
20 0-6-17 6-0-15
21 0-6-19 6-0-15
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Table 25-(a)
SATURATION AND INK HUE VALUES OF CRITICAL COLORS
Experiment 3 - Experimental Group
unit - 1/100
Critical
Color #1
Critical
Color #2
Critical
Color #3
Filter R - G - B R - G - B R - G - B
Standard 0 -129- 88 0 - 57-121 45- 0
Sample #1 0 -131- 89 0 - 59-123 22- 44- 0
2 0 -130- 89 0 - 55-125 22- 42- 0
3 0 -127- 87 0 - 55-122 24- 45- 0
4 0 -100- 68 0 - 52-119 24- 40- 0
5 0 -129- 87 0 - 56-119 13- 51- 0
6 0 -130- 90 0 - 62-119 16- 41- 0
7 0 -123- 85 0 - 57-117 18- 41- 0
8 0 -131- 87 0 _ 53-122 20- 42- 0
9 0 -130- 87 0 - 57-125 ^ 24- 46- 0
10 o -130- 89 0 - 55-H5 22- 45- 0
11 0 -126- 85 0 - 55-118 23- 44- 0
12 0 -132- 89 0 - 59-124 23- 42- 0
13 0 -130- 89 0 - 51-125 21- 44- 0
14 0 -127- 86 0 - 57-124 22- 42- 0
15 0 -132- 88 0 - 58-125 20- 45- 0
16 0 -127- 84 0 -''-54^122 19_ 42- 0
17 0 -128- 86 0 - 56-125 22- 43- 0
18 0 -128- 86 0 -57-123 19_ 44_ 0
19 0 -128- 86 0 - 54-126 21- 41- 0
20 0 -133- 88 0 - 59-H9 20- 45- 0
21 0 -128- 87 0 - 63-120 18- 43- 0
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Table 25-(b)
SATURATION AND INK HUE VALUES OF CRITICAL COLORS
Experiment 3 - Experimental Group
unit - 1/100
Critical
Color #4
Critical
Color #5
Filter R - G - B R - G - B
Standard 0-7-18 7-0-13
Sample #1 0-6-17 7-O-13
2 0-6-15 7-0-12
3 0-6-20 7-0-13
4 0-5-17 6-0-14
5 0-8-20 7-0-13
6 0-6-19 7-0-14
7 0-7-15 6-0-13
8 0-5-15 7-0-13
9 0-6-16 7-0-12
10 0-7-16 7-0-12
11 0-6-18 7-0-15
12 0-4-15 8-0-12
13 0-5-15 7-0-13
14 0-6-16 7-0-11
15 0-7-18 8-0-12
16 0-6-15 6-0-14
17 0-7-17 7-0-13
18 0-8-18 6-0-12
19 0-7-18 8-0-11
20 0-6-17 6-0-14
21 0-7-16 5-0-12
88
Figure 7 GATF Color Hexagon
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Figure 8 GATF Color Hexagon
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Figure 9 GATF Color Hexagon
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Figure 10 GATF Color Hexagon
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Figure 11 GATF Color Hexagon
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Figure 12 GATF Color Hexagon
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Figure 13 GATF Color Hexagon with Hue Error
Percentages
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APPENDIX C
Critical Colors in Experiments
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Print 2 Critical Colors In Experiment 2
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Print 3 Critical Colors In Experiment 3
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